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The present invention relates to a method of forming a semiconductor 
structure comprising a substrate having a patterned Oxide-Nitride-Oxide insulating layer 
provided over a portion of the substrate. 

An insulating layer in the form of Oxide-Nitride-Oxide (ONO) sub-layers is 



commonly employed as an insulting layer between a floating gate and a control gate of a non- 
volatile memory cell. 

Such non-volatile memory cells are commonly integrated onto a 
semiconductor substrate adjacent to a peripheral structure such as a peripheral transistor. In 

10 order to simplify the fabrication process, the layer of, for example, polysilicon serving to 
form the control gate of the non-volatile memory cell can also be used as part of the 
peripheral transistor structure, such as providing the gate thereof. 

The above-mentioned fabrication technique is one example of a process where 
an ONO insulating layer has to be selectively removed from regions of the substrate so as to 

15 allow for the required formation of a peripheral structure. 

Standard prior-art processes have employed the provision of a patterned 
photoresist on the ONO insulating layer so as to allow for the selective etching of the ONO 
layer and to thereby provide for the formation of the appropriate peripheral structure. 

However, disadvantages arise since, once the photoresist has performed its 

20 function, it is stripped from the structure and this stripping process serves to remove or at 

least damage the top oxide layer of the ONO insulating layer. Such problems are accentuated 
in situations where the top oxide layer of the ONO insulating layer is relatively thin and/or 
formed through deposition. The attack on this upper oxide portion of the ONO insulating 
layer therefore represents a particularly problematic feature. 

25 US-A-6004847 discloses a process which serves to limit the above-mentioned 

problem in that, at the time of depositing a photoresist layer, the insulating layer comprises 
merely Nitride-Oxide sub-layers, i.e. an NO structure, and the upper nitride layer of which 
experiences much less damage than would the upper oxide sub-layer of an ONO structure 
during photoresist stripping. In this prior-art document, once the resist has been stripped, an 
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oxide layer is then deposited on the Nitride layer so as to form a complete ONO insulating 
layer structure. 

The process and related structure disclosed in this prior-art document is 
nevertheless disadvantageous^ limited with regard to the quality and control of thickness of 
5 the layers that can be achieved in the final memory cell structure and peripheral structure. 

The present invention therefore seeks to provide for a method of forming a 
semiconductor structure provided with a patterned ONO insulating layer and which exhibits 
advantages over such known methods and related structures. 

According to one aspect of the present invention there is provided a method of 
10 forming a semiconductor structure as noted above and characterized by the steps of forming 
an insulating layer comprising an Oxide-Nitride-Silicon layered structure on the substrate, 
applying a photoresist to the silicon surface as part of a patterning process and stripping the 
photoresist once a required patterning step has been completed, and subsequently re- 
oxidizing the silicon layer of the remaining Oxide-Nitride-Silicon structure so as to form an 
15 ONO insulating layer structure. 

The feature of claim 2 has the advantage of offering a good quality of 
oxidation of the silicon layer. The features of claims 3 and 4 relate to a particularly 
advantageous integrated structure benefiting from the present invention. The feature of claim 
5 has the advantage that the re-oxidation of the silicon layer serves as a useful vehicle for 
20 forming a high voltage oxide layer in the peripheral structure. 



The invention is described further hereinafter, by way of example only, with 
reference to the accompanying drawing in which; 
25 Fig. 1 is a cross-sectional view of a non-volatile memory cell and integrated 

peripheral transistor structure to be formed in accordance with a method embodying the 
present invention; 

Fig. 2 illustrates a cross-sectional view of an integrated semiconductor 
structure during the formation of the structure of Fig. 1; 
30 Figs. 3A and B illustrate an enlarged view of part of the structure of Fig. 2 as 

deployed according to a method of the prior-art. 

Figs. 4A and 4B illustrate a similarly enlarged view but employing a structure 
in accordance with an embodiment of the present invention. 
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Turning first to Fig. 1 there is illustrated a cross-sectional view of an 
integrated semiconductor structure 10 comprising a non- volatile memory cell 12 and an 
associated peripheral transistor structure 14. 
5 The memory cell 12 and peripheral transistor 14 share a common substrate 16 

while the memory cell 12 is formed, in ascending order as illustrated in the drawing, by a 
gate oxide layer 18, a floating gate polysilicon layer 20, an ONO insulating layer 22 and a 
polysilicon control gate 24. It is only the basic features of the peripheral transistor structure 
14 that are illustrated in Fig. 1 and, again in ascending order, these comprise a gate oxide 26 

10 formed from a continuation of the oxide layer 18 of the memory cell 12 and also a 

polysilicon gate layer 28 which comprises an extension of the polysilicon control gate 24 of 
the memory cell 12. In order to provide for the formation of the peripheral structure such as 
the peripheral transistor 14 illustrated in Fig. 1, the ONO insulating layer 22 which initially 
extends laterally over the majority of the integrated structure illustrated in Fig. 1 needs to be 

15 patterned i.e. removed from the regions of the substrate 16 where the peripheral transistor 14 
is to be formed. 

Such patterning is achieved by means of the provision of a photoresist 30 
illustrated in Fig. 2. The photoresist layer 30 is first formed over the ONO layer 22 and then a 
photolithographic process serves to pattern the photoresist 30 so as to allow for a subsequent 

20 etching of the ONO layer 22 where no photoresist is present. Once the ONO layer 22 is 

effectively patterned by such etching, it eventually becomes necessary to strip the photoresist 
from the upper surface of the ONO layer 22. The illustration provided by Fig. 2 indicates the 
stage at which etching of the ONO insulating layer 22 has been achieved and just prior to 
stripping of the photoresist layer 30 from the ONO insulating layer 22. 

25 It is at the time of stripping the photoresist layer 30 from the ONO insulating 

layer 22 that damage to the upper oxide sub-layer of the ONO structure occurs. 

This particular aspect is illustrated further with regard to Fig. 3 A and 3B. 
Fig. 3 A is an enlarged view of a portion of the ONO insulating structure 22 of 
Fig. 2 and in which a portion of the ONO insulating layer 22 having a portion of photoresist 

30 30 thereon is illustrated in enlarged detail. As will be appreciated, the resist layer 30 actually 
contacts the upper oxide sub-layer 36 of the ONO insulating layer 22 and, at the time of 
stripping, serves to remove, and generally damage, the upper oxide sub-layer 36 as illustrated 
with reference to Fig. 3B in which the same portion of the ONO insulating structure 22 after 
removal of the photoresist 30 is shown. 
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According to an embodiment of the present invention rather than immediately 



forming the insulating layer as an ONO structure, an insulating layered structure comprising, 
again in ascending order, sub-layer of oxide 38, nitride 40 and silicon 42, is provided such 
that the photoresist 30 is then deposited on the surface of the silicon sub-layer 42. As 
5 illustrated in Fig. 4A there is then no exposed oxide to be attacked during the stripping of the 
photoresist. The upper silicon sub-layer 42 proves much more resistive to such detrimental 
attack such that, subsequent to stripping of the resist 30, an undamaged Oxide-Nitride-Silicon 
structure 38, 40, 42 as illustrated in Fig. 4B remains. 



10 processed in accordance with the present invention by oxidizing the silicon sub-layer 42 into 
a thermal oxide so as to arrive at a final ONO insulating layer 22 as required by the memory 
cell 12 of the illustrated embodiment. Also, the formation of the upper oxide layer at this 
stage can also assist with the formation of an appropriately thick high-voltage oxide for the 
peripheral transistor 14. 

15 It should be appreciated that the important aspect of the present invention 

relates to the provision of an initial Oxide-Nitride-Silicon insulating layer structure which, 
subsequent to photoresist stripping, can then be readily altered to an ONO insulating layered 
structure by oxidation of the upper silicon sub-layer and so the invention is not restricted to 
the details of the particularly embodiment illustrated herein and relating to one particularly 

20 form of memory cell arrangement. 



This remaining layered structure as illustrated in Fig. 4B is then subsequently 
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1. A method of forming a semiconductor structure comprising a substrate having 
a patterned ONO insulating layer over a portion thereof and characterized by the steps of 
forming an insulating layer comprising an Oxide-Nitride-Silicon layered structure on the 
substrate, applying a photoresist to the silicon surface as part of a patterning process and 

5 stripping the photoresist once a required patterning step has been completed, and 

subsequently re-oxidizing the silicon layer of the remaining Oxide-Nitride-Silicon structure 
so as to form an ONO insulating layer structure. 

2. A method as claimed in claim 1, wherein the silicon layer comprises an 
10 amorphous silicon layer. 

3. A method as claimed in claim 1 or 2, wherein a non- volatile memory cell is 
applied as part of the semiconductor structure, which non-volatile memory cell employs the 
ONO insulating layer between a floating gate and control gate thereof. 

15 

4. A method as claimed in claim 3, wherein the non- volatile memory cell is 
applied with a control gate formed from a conductive layer which also serves to form part of 
a peripheral semiconductor structure. 

20 5. A method as claimed in claim 1, 2, 3 or 4, wherein the subsequent oxidation of 

the silicon sub-layer of the Oxide-Nitride-Silicon insulating layer is arranged also to provide 
a high voltage oxide layer for a peripheral structure. 

6. A method as claimed in any one of claims 1 to 5, wherein the silicon layer is 

25 re-oxidized into a thermal oxide. 
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ABSTRACT: 



The present invention provides for a method of forming a semiconductor 
structure (10) comprising a substrate (12) having a patterned Oxide-Nitride-Oxide (ONO) 
insulating layer (22) provided over a portion of the substrate (12). The invention employs an 
Oxide-Nitride-Silicon structure (38, 40, 42) as the basis for the ONO layer and which has the 
5 advantage that the upper silicon sub-layer (42) of the structure resists damage during the 
photoresist stripping step of a patterning process and is then available for re-oxidizing into a 
oxide layer forming the upper sub-layer of the required ONO structure. 
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